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8	Conducted performance requirements
[bookmark: _Toc57820240][bookmark: _Toc57821167][bookmark: _Toc61183443][bookmark: _Toc61183837][bookmark: _Toc61184229][bookmark: _Toc61184621][bookmark: _Toc61185011]Void8.1	IAB-DU performance requirements

[bookmark: _Toc53185389][bookmark: _Toc53185765][bookmark: _Toc57820241][bookmark: _Toc57821168][bookmark: _Toc61183444][bookmark: _Toc61183838][bookmark: _Toc61184230][bookmark: _Toc61184622][bookmark: _Toc61185012]8.2.1	General 
Conducted performance requirements specify the ability of the IAB-DU type 1-H to correctly demodulate signals in various conditions and configurations. Conducted performance requirements are specified at the TAB connector(s).
Conducted performance requirements for the IAB-DU are specified for the fixed reference channels defined in annex A and the propagation conditions in annex G. The requirements only apply to those FRCs that are supported by the IAB-DU.
Unless stated otherwise, performance requirements apply for a single carrier only. Performance requirements for an IAB-DU supporting carrier aggregation are defined in terms of single carrier requirements.
The SNR used in this clause is specified based on a single carrier and defined as:
SNR = S / N
Where:
S	is the total signal energy in the slot on a single TAB connector.
N	is the noise energy in a bandwidth corresponding to the transmission bandwidth over the duration of a slot on a single TAB connector.

8.2.2	Performance requirements for PUSCH 
[bookmark: _Toc21127566][bookmark: _Toc29811775][bookmark: _Toc36817327][bookmark: _Toc37260244][bookmark: _Toc37267632][bookmark: _Toc44712234][bookmark: _Toc45893547][bookmark: _Toc53178269][bookmark: _Toc53178720][bookmark: _Toc61177959][bookmark: _Toc61178431]8.2.2.1	Requirements for PUSCH with transform precoding disabled
[bookmark: _Toc21127632][bookmark: _Toc29811841][bookmark: _Toc53185439][bookmark: _Toc53185815][bookmark: _Toc57820300][bookmark: _Toc57821227][bookmark: _Toc61183503][bookmark: _Toc61183897][bookmark: _Toc61184289][bookmark: _Toc61184681][bookmark: _Toc61185071]8.2.2.1.1     General
The performance requirement of PUSCH is determined by a minimum required throughput for a given SNR. The required throughput is expressed as a fraction of maximum throughput for the FRCs listed in annex A. The performance requirements assume HARQ retransmissions.
Table: 8.2.2.1.1-1 Test parameters for testing PUSCH
	Parameter
	Value

	Transform precoding
	Disabled

	Default TDD UL-DL pattern (Note 1)
	15 kHz SCS:
3D1S1U, S=10D:2G:2U
30 kHz SCS:
7D1S2U, S=6D:4G:4U

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence
	0, 2, 3, 1

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	Additional DM-RS position
	pos1

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port
	{0}, {0, 1}

	
	DM-RS sequence generation
	NID0=0, nSCID =0

	Time domain
	PUSCH mapping type
	A, B

	resource
	Start symbol
	0 

	assignment
	Allocation length
	14 

	Frequency domain resource
	RB assignment
	Full applicable test bandwidth

	assignment
	Frequency hopping
	Disabled

	TPMI index for 2Tx two-layer spatial multiplexing transmission 
	0

	Code block group based PUSCH transmission
	Disabled

	NOTE 1:	The same requirements are applicable to FDD and TDD with different UL-DL pattern.


8.2.2.1.2     Minimum requirements
The throughput shall be equal to or larger than the fraction of maximum throughput for the FRCs stated in tables 8.2.2.1.2-1 to 8.2.2.1.2-14 at the given SNR for 1Tx or for 2Tx two-layer spatial multiplexing transmission. FRCs are defined in annex A.
Table 8.2.2.1.2-1: Minimum requirements for PUSCH with 70% of maximum throughput, Type A, 5 MHz channel bandwidth, 15 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex G)
	Fraction of maximum throughput
	FRC
(Annex A)
	Additional DM-RS position
	SNR
(dB)

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-1
	pos1
	-2.3

	
	2
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-1
	pos1
	10.1

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A4-1
	pos1
	12.3

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-1
	pos1
	-5.8

	1
	4
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-1
	pos1
	6.2

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A4-1
	pos1
	8.8

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-1
	pos1
	-8.7

	
	8
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-1
	pos1
	3.0

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A4-1
	pos1
	5.6

	
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-8
	pos1
	1.0

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-8
	pos1
	18.2

	2
	4
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-8
	pos1
	-2.3

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-8
	pos1
	11.0

	
	8
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-8
	pos1
	-5.3

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-8
	pos1
	6.8



Table 8.2.2.1.2-2: Minimum requirements for PUSCH with 70% of maximum throughput, Type A, 10 MHz channel bandwidth, 15 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex G)
	Fraction of maximum throughput
	FRC
(Annex A)
	Additional DM-RS position
	SNR
(dB)

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-2
	pos1
	-2.5

	
	2
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-2
	pos1
	10.2

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A4-2
	pos1
	12.2

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-2
	pos1
	-6.0

	1
	4
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-2
	pos1
	6.3

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A4-2
	pos1
	8.6

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-2
	pos1
	-8.7

	
	8
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-2
	pos1
	3.1

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A4-2
	pos1
	5.5

	
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-9
	pos1
	1.7

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-9
	pos1
	18.3

	2
	4
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-9
	pos1
	-2.0

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-9
	pos1
	11.2

	
	8
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-9
	pos1
	-5.5

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-9
	pos1
	6.8



Table 8.2.2.1.2-3: Minimum requirements for PUSCH with 70% of maximum throughput, Type A, 20 MHz channel bandwidth, 15 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex G)
	Fraction of maximum throughput
	FRC
(Annex A)
	Additional DM-RS position
	SNR
(dB)

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-3
	pos1
	-2.1

	
	2
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-3
	pos1
	10.0

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A4-3
	pos1
	12.4

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-3
	pos1
	-5.5

	1
	4
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-3
	pos1
	6.2

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A4-3
	pos1
	8.6

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-3
	pos1
	-8.5

	
	8
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-3
	pos1
	3.0

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A4-3
	pos1
	5.5

	
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-10
	pos1
	2.1

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-10
	pos1
	18.3

	2
	4
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-10
	pos1
	-1.8

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-10
	pos1
	11.1

	
	8
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-10
	pos1
	-5.3

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-10
	pos1
	6.9



Table 8.2.2.1.2-4: Minimum requirements for PUSCH with 70% of maximum throughput, Type A, 10 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex G)
	Fraction of maximum throughput
	FRC
(Annex A)
	Additional DM-RS position
	SNR
(dB)

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-4
	pos1
	-2.3

	
	2
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-4
	pos1
	10.2

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A4-4
	pos1
	12.8

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-4
	pos1
	-5.6

	1
	4
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-4
	pos1
	6.4

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A4-4
	pos1
	8.6

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-4
	pos1
	-8.6

	
	8
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-4
	pos1
	3.3

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A4-4
	pos1
	5.5

	
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-11
	pos1
	1.3

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-11
	pos1
	18.4

	2
	4
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-11
	pos1
	-2.2

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-11
	pos1
	11.2

	
	8
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-11
	pos1
	-5.2

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-11
	pos1
	7.0



Table 8.2.2.1.2-5: Minimum requirements for PUSCH with 70% of maximum throughput, Type A, 20 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex G)
	Fraction of maximum throughput
	FRC
(Annex A)
	Additional DM-RS position
	SNR
(dB)

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-5
	pos1
	-2.9

	
	2
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-5
	pos1
	10.2

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A4-5
	pos1
	12.5

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-5
	pos1
	-6.0

	1
	4
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-5
	pos1
	6.4

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A4-5
	pos1
	8.6

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-5
	pos1
	-8.8

	
	8
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-5
	pos1
	3.2

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A4-5
	pos1
	5.5

	
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-12
	pos1
	1.3

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-12
	pos1
	18.1

	2
	4
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-12
	pos1
	-2.2

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-12
	pos1
	11.3

	
	8
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-12
	pos1
	-5.3

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-12
	pos1
	6.9



Table 8.2.2.1.2-6: Minimum requirements for PUSCH with 70% of maximum throughput, Type A, 40 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex G)
	Fraction of maximum throughput
	FRC
(Annex A)
	Additional DM-RS position
	SNR
(dB)

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-6
	pos1
	-2.5

	
	2
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-6
	pos1
	10.0

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A4-6
	pos1
	12.4

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-6
	pos1
	-5.8

	1
	4
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-6
	pos1
	6.3

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A4-6
	pos1
	8.5

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-6
	pos1
	-8.7

	
	8
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-6
	pos1
	3.1

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A4-6
	pos1
	5.4

	
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-13
	pos1
	1.3

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-13
	pos1
	19.5

	2
	4
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-13
	pos1
	-2.3

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-13
	pos1
	11.3

	
	8
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-13
	pos1
	-5.2

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-13
	pos1
	6.9



Table 8.2.2.1.2-7: Minimum requirements for PUSCH with 70% of maximum throughput, Type A, 100 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex G)
	Fraction of maximum throughput
	FRC
(Annex A)
	Additional DM-RS position
	SNR
(dB)

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-7
	pos1
	-2.8

	
	2
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-7
	pos1
	10.2

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A4-7
	pos1
	13.0

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-7
	pos1
	-5.8

	1
	4
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-7
	pos1
	6.5

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A4-7
	pos1
	9.0

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-7
	pos1
	-8.7

	
	8
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-7
	pos1
	3.2

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A4-7
	pos1
	5.8

	
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-14
	pos1
	1.4

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-14
	pos1
	19.2

	2
	4
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-14
	pos1
	-2.2

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-14
	pos1
	11.6

	
	8
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-14
	pos1
	-5.2

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-14
	pos1
	7.1



Table 8.2.2.1.2-8: Minimum requirements for PUSCH with 70% of maximum throughput, Type B, 5 MHz channel bandwidth, 15 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex G)
	Fraction of maximum throughput
	FRC
(Annex A)
	Additional DM-RS position
	SNR
(dB)

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-1
	pos1
	-2.3

	
	2
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-1
	pos1
	10.2

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A4-1
	pos1
	12.5

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-1
	pos1
	-5.7

	1
	4
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-1
	pos1
	6.3

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A4-1
	pos1
	8.9

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-1
	pos1
	-8.7

	
	8
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-1
	pos1
	3.0

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A4-1
	pos1
	5.7

	
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-8
	pos1
	1.5

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-8
	pos1
	18.3

	2
	4
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-8
	pos1
	-2.3

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-8
	pos1
	11.1

	
	8
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-8
	pos1
	-5.4

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-8
	pos1
	6.8



Table 8.2.2.1.2-9: Minimum requirements for PUSCH with 70% of maximum throughput, Type B, 10 MHz channel bandwidth, 15 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex G)
	Fraction of maximum throughput
	FRC
(Annex A)
	Additional DM-RS position
	SNR
(dB)

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-2
	pos1
	-2.3

	
	2
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-2
	pos1
	10.5

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A4-2
	pos1
	12.6

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-2
	pos1
	-5.7

	1
	4
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-2
	pos1
	6.5

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A4-2
	pos1
	8.9

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-2
	pos1
	-9.0

	
	8
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-2
	pos1
	3.2

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A4-2
	pos1
	5.8

	
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-9
	pos1
	2.0

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-9
	pos1
	18.7

	2
	4
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-9
	pos1
	-2.3

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-9
	pos1
	11.3

	
	8
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-9
	pos1
	-5.2

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-9
	pos1
	7.0



Table 8.2.2.1.2-10: Minimum requirements for PUSCH with 70% of maximum throughput, Type B, 20 MHz channel bandwidth, 15 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex G)
	Fraction of maximum throughput
	FRC
(Annex A)
	Additional DM-RS position
	SNR
(dB)

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-3
	pos1
	-2.1

	
	2
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-3
	pos1
	10.4

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A4-10
	pos1
	12.3

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-3
	pos1
	-5.7

	1
	4
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-3
	pos1
	6.3

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A4-3
	pos1
	8.8

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-3
	pos1
	-8.5

	
	8
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-3
	pos1
	3.1

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A4-3
	pos1
	5.7

	
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-10
	pos1
	1.6

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-10
	pos1
	18.1

	2
	4
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-10
	pos1
	-2.0

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-10
	pos1
	11.2

	
	8
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-10
	pos1
	-5.3

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-10
	pos1
	6.9



Table 8.2.2.1.2-11: Minimum requirements for PUSCH with 70% of maximum throughput, Type B, 10 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex G)
	Fraction of maximum throughput
	FRC
(Annex A)
	Additional DM-RS position
	SNR
(dB)

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-4
	pos1
	-2.4

	
	2
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-4
	pos1
	10.1

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A4-4
	pos1
	12.5

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-4
	pos1
	-5.7

	1
	4
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-4
	pos1
	6.4

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A4-4
	pos1
	8.6

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-4
	pos1
	-8.8

	
	8
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-4
	pos1
	3.2

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A4-4
	pos1
	5.6

	
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-11
	pos1
	1.1

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-11
	pos1
	18.5

	2
	4
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-11
	pos1
	-2.5

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-11
	pos1
	11.3

	
	8
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-11
	pos1
	-5.6

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-11
	pos1
	7.0



Table 8.2.2.1.2-12: Minimum requirements for PUSCH with 70% of maximum throughput, Type B, 20 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex G)
	Fraction of maximum throughput
	FRC
(Annex A)
	Additional DM-RS position
	SNR
(dB)

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-5
	pos1
	-2.9

	
	2
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-5
	pos1
	10.1

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A4-5
	pos1
	12.5

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-5
	pos1
	-6.0

	1
	4
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-5
	pos1
	6.3

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A4-5
	pos1
	8.6

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-5
	pos1
	-9.0

	
	8
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-5
	pos1
	3.1

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A4-5
	pos1
	5.6

	
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-12
	pos1
	1.3

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-12
	pos1
	18.2

	2
	4
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-12
	pos1
	-2.3

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-12
	pos1
	11.2

	
	8
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-12
	pos1
	-5.4

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-12
	pos1
	7.0



Table 8.2.2.1.2-13: Minimum requirements for PUSCH with 70% of maximum throughput, Type B, 40 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex G)
	Fraction of maximum throughput
	FRC
(Annex A)
	Additional DM-RS position
	SNR
(dB)

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-6
	pos1
	-2.5

	
	2
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-6
	pos1
	10.0

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A4-6
	pos1
	12.5

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-6
	pos1
	-5.8

	1
	4
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-6
	pos1
	6.2

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A4-6
	pos1
	8.7

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-6
	pos1
	-8.8

	
	8
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-6
	pos1
	3.0

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A4-6
	pos1
	5.5

	
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-13
	pos1
	1.7

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-13
	pos1
	18.7

	2
	4
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-13
	pos1
	-2.1

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-13
	pos1
	11.2

	
	8
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-13
	pos1
	-5.2

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-13
	pos1
	6.9



Table 8.2.2.1.2-14: Minimum requirements for PUSCH with 70% of maximum throughput, Type B, 100 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex G)
	Fraction of maximum throughput
	FRC
(Annex A)
	Additional DM-RS position
	SNR
(dB)

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-7
	pos1
	-2.5

	
	2
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-7
	pos1
	10.1

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A4-7
	pos1
	13.1

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-7
	pos1
	-5.8

	1
	4
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-7
	pos1
	6.3

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A4-7
	pos1
	9.2

	
	
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-7
	pos1
	-8.7

	
	8
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-7
	pos1
	3.1

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A4-7
	pos1
	5.9

	
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-14
	pos1
	1.6

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-14
	pos1
	19.3

	2
	4
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-14
	pos1
	-2.2

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-14
	pos1
	11.6

	
	8
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-14
	pos1
	-5.3

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A3-14
	pos1
	7.1




8.2.2.2	Requirements for PUSCH with transform precoding enabled	Comment by Thomas Chapman: Whether to include or not is still FFS
8.2.2.2.1     General
The performance requirement of PUSCH is determined by a minimum required throughput for a given SNR. The required throughput is expressed as a fraction of maximum throughput for the FRCs listed in annex A. The performance requirements assume HARQ retransmissions.
Table 8.2.2.2.1-1: Test parameters for testing PUSCH
	Parameter
	Value

	Transform precoding
	Enabled

	Default TDD UL-DL pattern (Note 1)
	15 kHz SCS:
3D1S1U, S=10D:2G:2U
30 kHz SCS:
7D1S2U, S=6D:4G:4U

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence
	0, 2, 3, 1

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	Additional DM-RS position
	pos1

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port(s)
	0

	
	DM-RS sequence generation
	NID0=0, group hopping and sequence hopping are disabled

	Time domain 
	PUSCH mapping type
	A, B

	resource
	Start symbol
	0

	assignment
	Allocation length
	14

	Frequency domain resource assignment
	RB assignment
	15 kHz SCS: 25 PRBs in the middle of the test bandwidth
 30 kHz SCS: 24 PRBs in the middle of the test bandwidth

	
	Frequency hopping
	Disabled

	Code block group based PUSCH transmission
	Disabled

	NOTE 1:	The same requirements are applicable to FDD and TDD with different UL-DL patterns.




8.2.2.2.2     Minimum requirements
The throughput shall be equal to or larger than the fraction of maximum throughput for the FRCs stated in tables 8.2.2.2.2-1 to 8.2.2.2.2-4 at the given SNR. FRCs are defined in annex A.
Table 8.2.2.2.2-1: Minimum requirements for PUSCH with 70% of maximum throughput, Type A, 5 MHz channel bandwidth, 15 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex G)
	Fraction of  maximum throughput
	FRC
(Annex A)
	Additional DM-RS position
	SNR
(dB)

	
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-15
	pos1
	-2.4

	1
	4
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-15
	pos1
	-5.7

	
	8
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-15
	pos1
	-8.5



Table 8.2.2.2.2-2: Minimum requirements for PUSCH with 70% of maximum throughput, Type A, 10 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex G)
	Fraction of  maximum throughput
	FRC
(Annex A)
	Additional DM-RS position
	SNR
(dB)

	
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-16
	pos1
	-2.5 

	1
	4
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-16
	pos1
	-5.7

	
	8
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-16
	pos1
	-8.4



Table 8.2.2.2.2-3: Minimum requirements for PUSCH with 70% of maximum throughput, Type B, 5 MHz channel bandwidth, 15 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex G)
	Fraction of  maximum throughput
	FRC
(Annex A)
	Additional DM-RS position
	SNR
(dB)

	
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-15
	pos1
	-2.3

	1
	4
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-15
	pos1
	-5.8

	
	8
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-15
	pos1
	-8.6



Table 8.2.2.2.2-4: Minimum requirements for PUSCH with 70% of maximum throughput, Type B, 10 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex G)
	Fraction of  maximum throughput
	FRC
(Annex A)
	Additional DM-RS position
	SNR
(dB)

	
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-16
	pos1
	-2.7

	1
	4
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-16
	pos1
	-6.0

	
	8
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A2-16
	pos1
	-8.8



8.2.2.3	Requirements for UCI multiplexed on PUSCH
8.2.2.3.1     General
In the tests for UCI multiplexed on PUSCH, the UCI information only contains CSI part 1 and CSI part 2 information, and there is no HACK/ACK information transmitted.
The CSI part 1 block error probability (BLER) is defined as the probability of incorrectly decoding the CSI part 1 information when the CSI part 1 information is sent as follow:
	
where:
-	#(false CSI part 1) denotes the number of incorrectly decoded CSI part 1 information transmitted occasions
-	#(CSI part 1) denotes the number of CSI part 1 information transmitted occasions.
The CSI part 2 block error probability is defined as the probability of incorrectly decoding the CSI part 2 information when the CSI part 2 information is sent as follows:
	
where:
-	#(false CSI part 2) denotes the number of incorrectly decoded CSI part 2 information transmitted occasions
-	#(CSI part 2) denotes the number of CSI part 2 information transmitted occasions.
The number of UCI information bit payload per slot is defined for two cases as follows:
-	5 bits in CSI part 1, 2 bits in CSI part 2
-	20 bits in CSI part 1, 20 bits in CSI part 2
The 7bits UCI case is further defined with the bitmap [c0 c1 c2 c3 c4] = [0 1 0 1 0] for CSI part 1 information, where c0 is mapping to the RI information, and with the bitmap [c0 c1] = [1 0] for CSI part2 information.
The 40bits UCI information case is assumed random information bit selection.
In both tests, PUSCH data, CSI part 1 and CSI part 2 information are transmitted simultaneously.
Table 8.2.2.3.1-1: Test parameters for testing UCI on PUSCH
	Parameter
	Value

	Transform precoding
	Disabled

	Default TDD UL-DL pattern (Note 1)
	30 kHz SCS:
7D1S2U, S=6D:4G:4U

	HARQ
	Maximum number of HARQ transmissions
	1

	
	RV sequence
	0

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	Single-symbol DM-RS

	
	Additional DM-RS position
	pos1

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE 
	-3 dB

	
	DM-RS port(s)
	{0}

	
	DM-RS sequence generation
	NID0=0, nSCID=0

	Time domain
	PUSCH mapping type
	A,B

	resource
	Start symbol
	0

	assignment
	Allocation length
	14

	Frequency domain resource
	RB assignment
	Full applicable test bandwidth

	assignment
	Frequency hopping
	Disabled

	Code block group based PUSCH transmission
	Disabled

	
	Number of CSI part 1 and CSI part 2 information bit payload
	{5,2},{20,20}

	
	scaling
	1

	UCI
	betaOffsetACK-Index1
	11

	
	betaOffsetCSI-Part1-Index1 and betaOffsetCSI-Part1-Index2
	13

	
	betaOffsetCSI-Part2-Index1 and betaOffsetCSI-Part2-Index2
	13

	
	UCI partition for frequency hopping
	Disabled

	NOTE 1:	The same requirements are applicable to FDD and TDD with different UL-DL patterns.




8.2.2.3.2     Minimum requirements
The CSI part 1 block error probability shall not exceed 0.1% at the SNR in table 8.2.2.3.2-1 and table 8.2.2.3.2-2.The CSI part 2 block error probability shall not exceed 1% at the SNR given in table 8.2.2.3.2-3 and table 8.2.2.3.2-4.
Table 8.2.2.3.2-1: Minimum requirements for UCI multiplexed on PUSCH, Type A, CSI part 1, 10 MHz Channel Bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex G)
	UCI bits
(CSI part 1, CSI part 2)
	Additional DM-RS position
	FRC
(Annex A)
	SNR
(dB)

	1
	2
	Normal
	TDLC300-100 Low
	7(5,2)
	pos1
	G-FR1-A3-4
	5.4

	
	2
	Normal
	TDLC300-100 Low
	40(20,20)
	pos1
	G-FR1-A3-4
	4.3



Table 8.2.2.3.2-2: Minimum requirements for UCI multiplexed on PUSCH, Type B, CSI part 1, 10 MHz Channel Bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex G)
	UCI bits
(CSI part 1, CSI part 2)
	Additional DM-RS position
	FRC
(Annex A)
	SNR
(dB)

	1
	2
	Normal
	TDLC300-100 Low
	7(5,2)
	pos1
	G-FR1-A3-4
	5.8

	
	2
	Normal
	TDLC300-100 Low
	40(20,20)
	pos1
	G-FR1-A3-4
	4.1



Table 8.2.2.3.2-3: Minimum requirements for UCI multiplexed on PUSCH, Type A, CSI part 2, 10 MHz Channel Bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex G)
	UCI bits
(CSI part 1, CSI part 2)
	Additional DM-RS position
	FRC
(Annex A)
	SNR
(dB)

	1
	2
	Normal
	TDLC300-100 Low
	7(5,2)
	pos1
	G-FR1-A3-4
	-0.2

	
	2
	Normal
	TDLC300-100 Low
	40(20,20)
	pos1
	G-FR1-A3-4
	2.4



Table 8.2.2.3.2-4: Minimum requirements for UCI multiplexed on PUSCH, Type B, CSI part 2, 10 MHz Channel Bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex G)
	UCI bits
(CSI part 1, CSI part 2)
	Additional DM-RS position
	FRC
(Annex A)
	SNR
(dB)

	1
	2
	Normal
	TDLC300-100 Low
	7(5,2)
	pos1
	G-FR1-A3-4
	0.3

	
	2
	Normal
	TDLC300-100 Low
	40(20,20)
	pos1
	G-FR1-A3-4
	2.6



8.2.3	Performance requirements for PUCCH 
8.2.3.1	DTX to ACK probability
8.2.3.1.1     General
The DTX to ACK probability, i.e. the probability that ACK is detected when nothing was sent:
	
where:
-	#(false ACK bits) denotes the number of detected ACK bits.
-	#(ACK/NACK bits) denotes the number of encoded bits per slot
-	#(PUCCH DTX) denotes the number of DTX occasions

8.2.3.1.2     Minimum requirement
The DTX to ACK probability shall not exceed 1% for all PUCCH formats carrying ACK/NACK bits:
	

8.2.3.2	Performance requirements for PUCCH format 0
8.2.3.2.1     General
The ACK missed detection probability is the probability of not detecting an ACK when an ACK was sent.
Table 8.2.3.2.1-1: Test Parameters
	Parameter
	Test

	Number of UCI information bits
	1

	Number of PRBs
	1

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	N/A for 1 symbol Enabled for 2 symbols

	First PRB after frequency hopping
	The largest PRB index – (Number of PRBs – 1)

	Group and sequence hopping
	neither

	Hopping ID
	0

	Initial cyclic shift
	0

	First symbol
	13 for 1 symbol
12 for 2 symbols



The transient period as specified in TS 38.101-1 [3] clause 6.3.3.1 is not taken into account for performance requirement testing, where the RB hopping is symmetric to the CC centre, i.e. intra-slot frequency hopping is enabled.

8.2.3.2.2     Minimum requirement
The ACK missed detection probability shall not exceed 1% at the SNR given in table 8.2.3.2.2-1 and in table 8.2.3.2.2-2.
Table 8.2.3.2.2-1: Minimum requirements for PUCCH format 0 and 15 kHz SCS
	Number of 
	Number of RX 
	Propagation conditions and
	Number of
	Channel bandwidth / SNR (dB)

	TX antennas
	antennas
	correlation matrix (Annex G)
	OFDM symbols
	5 MHz
	10 MHz
	20 MHz

	1
	2
	TDLC300-100 Low
	1
	9.4
	8.8
	9.3

	
	
	
	2
	2.8
	3.7
	3.3

	1
	4
	TDLC300-100 Low
	1
	3.0
	2.9
	3.2

	
	
	
	2
	-1.0
	-0.5
	-0.8

	1
	8
	TDLC300-100 Low
	1
	-1.1
	-1.1
	-1.1

	
	
	
	2
	-4.1
	-3.9
	-4.0



Table 8.2.3.2.2-2: Minimum requirements for PUCCH format 0 and 30 kHz SCS
	Number of 
	Number of RX 
	Propagation conditions and
	Number of
	Channel bandwidth / SNR (dB)

	TX antennas
	antennas
	correlation matrix (Annex G)
	OFDM symbols
	10 MHz
	20 MHz
	40 MHz
	100 MHz

	1
	2
	TDLC300-100 Low
	1
	9.8
	9.8
	9.5
	9.2

	
	
	
	2
	4.2
	3.6
	3.8
	3.5

	1
	4
	TDLC300-100 Low
	1
	3.4
	3.4
	3.0
	3.3

	
	
	
	2
	-0.3
	-0.4
	-0.5
	-0.8

	1
	8
	TDLC300-100 Low
	1
	-1.0
	-1.0
	-1.1
	-1.0

	
	
	
	2
	-3.7
	-3.8
	-4.0
	-3.9



8.2.3.3	Performance requirements for PUCCH format 1
8.2.3.3.1     NACK to ACK requirements
[bookmark: _Toc45893477][bookmark: _Toc44712164][bookmark: _Toc37267562][bookmark: _Toc37260174][bookmark: _Toc36817258][bookmark: _Toc29811706][bookmark: _Toc21127497][bookmark: _Toc53185368][bookmark: _Toc53185744][bookmark: _Toc57820220][bookmark: _Toc57821147][bookmark: _Toc61183423][bookmark: _Toc61183817][bookmark: _Toc61184209][bookmark: _Toc61184601][bookmark: _Toc61184991]8.2.3.3.1.1    General
The NACK to ACK detection probability is the probability that an ACK bit is falsely detected when an NACK bit was sent on the particular bit position, where the NACK to ACK detection probability is defined as follows:
	[image: ],
where:
-	[image: ]denotes the total number of NACK bits transmitted
-	[image: ]denotes the number of NACK bits decoded as ACK bits at the receiver, i.e. the number of received ACK bits
-	NACK bits in the definition do not contain the NACK bits which are mapped from DTX, i.e. NACK bits received when DTX is sent should not be considered.
Random codeword selection is assumed.
Table 8.2.3.3.1.1-1: Test Parameters
	Parameter
	Test

	Number of information bits
	2

	Number of PRBs
	1

	Number of symbols
	14

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	enabled

	First PRB after frequency hopping
	The largest PRB index – (nrofPRBs – 1)

	Group and sequence hopping
	neither

	Hopping ID
	0

	Initial cyclic shift
	0

	First symbol
	0

	Index of orthogonal cover code (timeDomainOCC)
	0



The transient period as specified in TS 38.101-1 [3] clause 6.3.3.1 is not taken into account for performance requirement testing, where the RB hopping is symmetric to the CC centre, i.e. intra-slot frequency hopping is enabled.

8.2.3.3.1.2    Minimum requirements
The NACK to ACK probability shall not exceed 0.1% at the SNR given in table 8.2.3.3.1.2-1 and table 8.2.3.3.1.2-2.
Table 8.2.3.3.1.2-1: Minimum requirements for PUCCH format 1 with 15 kHz SCS
	Number of
	Number of
	Cyclic Prefix
	Propagation
	Channel bandwidth / SNR (dB)

	TX antennas
	RX antennas
	
	conditions and correlation matrix (Annex G)
	5 MHz
	10 MHz
	20 MHz

	
	2
	Normal
	TDLC-300-100 Low
	-3.8
	-3.6
	-3.6

	1
	4
	Normal
	TDLC-300-100 Low
	-8.4
	-7.6
	-8.4

	
	8
	Normal
	TDLC-300-100 Low
	-11.8
	-11.4
	-11.4



Table 8.2.3.3.1.2-2: Minimum requirements for PUCCH format 1 with 30 kHz SCS
	Number of
	Number of
	Cyclic Prefix
	Propagation
	Channel bandwidth / SNR (dB)

	TX antennas
	RX antennas
	
	conditions and correlation matrix (Annex G)
	10 MHz
	20 MHz
	40 MHz
	100 MHz

	
	2
	Normal
	TDLC-300-100 Low
	-2.8
	-3.3
	-3.9
	-3.5

	1
	4
	Normal
	TDLC-300-100 Low
	-8.1
	-8.3
	-7.5
	-8.0

	
	8
	Normal
	TDLC-300-100 Low
	-11.5
	-11.2
	-11.6
	-11.3



8.2.3.3.2     ACK missed detection requirements
8.2.3.3.2.1    General
The ACK missed detection probability is the probability of not detecting an ACK when an ACK was sent. The test parameters in table 8.3.3.1.1-1 are configured. 
The transient period as specified in TS 38.101-1 [3] clause 6.3.3.1 is not taken into account for performance requirement testing, where the RB hopping is symmetric to the centre, i.e. intra-slot frequency hopping is enabled.

8.2.3.3.2.2    Minimum requirements
The ACK missed detection probability shall not exceed 1% at the SNR given in table 8.2.3.3.2.2-1 and in table 8.2.3.3.2.2-2.
Table 8.2.3.3.2.2-1: Minimum requirements for PUCCH format 1 with 15 kHz SCS
	Number of
	Number of
	Cyclic Prefix
	Propagation
	Channel bandwidth / SNR (dB)

	TX antennas
	RX antennas
	
	conditions and correlation matrix (Annex G)
	5 MHz
	10 MHz
	20 MHz

	
	2
	Normal
	TDLC-300-100 Low
	-5.0
	-4.4
	-5.0

	1
	4
	Normal
	TDLC-300-100 Low
	-8.6
	-8.2
	-8.5

	
	8
	Normal
	TDLC-300-100 Low
	-11.6
	-11.5
	-11.5



Table 8.2.3.3.2.2-2: Minimum requirements for PUCCH format 1 with 30 kHz SCS
	Number of
	Number of
	Cyclic Prefix
	Propagation
	Channel bandwidth / SNR (dB)

	TX antennas
	RX antennas
	
	conditions and correlation matrix (Annex G)
	10 MHz
	20 MHz
	40 MHz
	100 MHz

	
	2
	Normal
	TDLC-300-100 Low
	-3.9
	-4.4
	-4.4
	-4.2

	1
	4
	Normal
	TDLC-300-100 Low
	-8.0
	-8.1
	-8.4
	-8.3

	
	8
	Normal
	TDLC-300-100 Low
	-11.4
	-11.4
	-11.4
	-11.4



8.2.3.4	Performance requirements for PUCCH format 2
8.2.3.4.1     NACK to ACK requirements
8.2.3.4.1.1    General
The ACK missed detection probability is the probability of not detecting an ACK when an ACK was sent.
The ACK missed detection requirement only applies to the PUCCH format 2 with 4 UCI bits.
Table 8.2.3.4.1.1-1: Test Parameters
	Parameter
	Value

	Modulation order
	QSPK

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	N/A 

	First PRB after frequency hopping
	The largest PRB index –  (Number of PRBs – 1)

	Number of PRBs
	4

	Number of symbols 
	1

	The number of UCI information bits
	4

	First symbol
	13

	DM-RS sequence generation
	NID0=0



The transient period as specified in TS 38.101-1 [3] clause 6.3.3.1 is not taken into account for performance requirement testing, where the RB hopping is symmetric to the CC center, i.e. intra-slot frequency hopping is enabled.
8.2.3.4.1.2    Minimum requirements
The ACK missed detection probability shall not exceed 1% at the SNR given in table 8.2.3.4.1.2-1 and table 8.2.3.4.1.2-2 for 4UCI bits.
Table 8.2.3.4.1.2-1: Minimum requirements for PUCCH format 2 with 15 kHz SCS
	Number of
	Number of
	Cyclic Prefix
	Propagation
	Channel bandwidth / SNR (dB)

	TX antennas
	RX antennas
	
	conditions and correlation matrix (Annex G)
	5 MHz
	10 MHz
	20 MHz

	
	2
	Normal
	TDLC300-100 Low
	5.8
	5.6
	5.9

	1
	4
	Normal
	TDLC300-100 Low
	0.4
	0.5
	0.3

	
	8
	Normal
	TDLC300-100 Low
	-3.5
	-3.5
	-3.5



Table 8.2.3.4.1.2-2: Minimum requirements for PUCCH format 2 with 30 kHz SCS
	Number of
	Number of
	Cyclic Prefix
	Propagation
	Channel bandwidth / SNR (dB)

	TX antennas
	RX antennas
	
	conditions and correlation matrix (Annex G)
	10 MHz
	20 MHz
	40 MHz
	100 MHz

	
	2
	Normal
	TDLC300-100 Low
	5.5
	5.6
	5.5
	5.7

	1
	4
	Normal
	TDLC300-100 Low
	0.3
	0.2
	0.3
	0.4

	
	8
	Normal
	TDLC300-100 Low
	-3.6
	-3.6
	-3.5
	-3.3



8.2.3.4.2     UCI BLER performance requirements
8.2.3.4.2.1    General
The UCI block error probability (BLER) is defined as the probability of incorrectly decoding the UCI information when the UCI information is sent. The UCI information does not contain CSI part 2.
The transient period as specified in TS 38.101-1 [3] clause 6.3.3.1 is not taken into account for performance requirement testing, where the RB hopping is symmetric to the CC centre, i.e. intra-slot frequency hopping is enabled.
The UCI block error probability performance requirement only applies to the PUCCH format 2 with 22 UCI bits.
Table 8.2.3.4.2.1-1: Test Parameters
	Parameter
	Value 

	Modulation order
	QSPK

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	enabled

	Frist PRB after frequency hopping
	The largest PRB index – (Number of PRBs – 1)

	Number of PRBs
	9

	Number of symbols
	2

	The number of UCI information bits
	22

	First symbol
	12

	DM-RS sequence generation
	NID0=0



8.2.3.4.2.2    Minimum requirement
The UCI block error probability shall not exceed 1% at the SNR given in table 8.2.3.4.2.2-1 and table 8.2.3.4.2.2-2 for 22 UCI bits.
Table 8.2.3.4.2.2-1: Minimum requirements for PUCCH format 2 with 15 kHz SCS
	Number of
	Number of
	Cyclic Prefix
	Propagation
	Channel bandwidth / SNR (dB)

	TX antennas
	RX antennas
	
	conditions and correlation matrix (Annex G)
	5 MHz
	10 MHz
	20 MHz

	
	2
	Normal
	TDLC300-100 Low
	0.2
	0.8
	1.2

	1
	4
	Normal
	TDLC300-100 Low
	-3.6
	-3.2
	-3.2

	
	8
	Normal
	TDLC300-100 Low
	-6.8
	-6.7
	-6.8



Table 8.2.3.4.2.2-2: Minimum requirements for PUCCH format 2 with 30 kHz SCS
	Number of
	Number of
	Cyclic Prefix
	Propagation
	Channel bandwidth / SNR (dB)

	TX antennas
	RX antennas
	
	conditions and correlation matrix (Annex G)
	10 MHz
	20 MHz
	40 MHz
	100 MHz

	
	2
	Normal
	TDLC300-100 Low
	0.5
	1.1
	0.4
	0.3 

	1
	4
	Normal
	TDLC300-100 Low
	-3.3
	-2.9
	-3.3
	-3.4

	
	8
	Normal
	TDLC300-100 Low
	-5.8
	-5.8
	-6.7
	-5.9



8.2.3.5	Performance requirements for PUCCH format 3
8.2.3.5.1     General
The performance is measured by the required SNR at UCI block error probability not exceeding 1%.
The UCI block error probability is defined as the conditional probability of incorrectly decoding the UCI information when the UCI information is sent. The UCI information does not contain CSI part 2. 
The transient period as specified in TS 38.101-1 [3] clause 6.3.3.1 is not taken into account for performance requirement testing, where the RB hopping is symmetric to the centre, i.e. intra-slot frequency hopping is enabled.
Table 8.2.3.5.1-1: Test Parameters 
	Parameter
	Test 1
	Test 2

	Modulation order
	QPSK

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	enabled

	First PRB after frequency hopping
	The largest PRB index – (Number of PRBs – 1)

	Group and sequence hopping
	neither

	Hopping ID
	0

	Number of PRBs
	1
	3

	Number of symbols
	14
	4

	The number of UCI information bits
	16
	16

	First symbol
	0
	0



8.2.3.5.2     Minimum requirements
The UCI block error probability shall not exceed 1% at the SNR given in Table 8.2.3.5.2-1 and Table 8.2.3.5.2-2.
Table 8.2.3.5.2-1: Minimum requirements for PUCCH format 3 with 15 kHz SCS
	Test 
	Number of
	Number of
	Cyclic 
	Propagation
	Additional 
	Channel bandwidth / SNR (dB)

	Number
	TX antennas
	RX antennas
	Prefix
	conditions and correlation matrix (Annex G)
	DM-RS configuration
	5 MHz
	10 MHz
	20 MHz

	1
	1
	2
	Normal
	TDLC300-100 Low
	No additional DM-RS
	0.2
	1.1
	0.3

	
	
	
	
	
	Additional DM-RS
	-0.1
	0.5
	-0.1

	
	
	4
	Normal
	TDLC300-100 Low
	No additional DM-RS
	-3.8
	-3.3
	-3.8

	
	
	
	
	
	Additional DM-RS
	-4.3
	-4.0
	-4.0

	
	
	8
	Normal
	TDLC300-100 Low
	No additional DM-RS
	-7.0
	-6.7
	-6.9

	
	
	
	
	
	Additional DM-RS
	-7.7
	-7.5
	-7.7

	2
	1
	2
	Normal
	TDLC300-100 Low
	No additional DM-RS
	1.4
	2.2
	2.0

	
	
	4
	Normal
	TDLC300-100 Low
	No additional DM-RS
	-3.1
	-2.5
	-2.5

	
	
	8
	Normal
	TDLC300-100 Low
	No additional DM-RS
	-6.5
	-6.0
	-6.2



Table 8.2.3.5.2-2: Minimum requirements for PUCCH format 3 with 30 kHz SCS
	Test 
	Number 
	Number 
	Cyclic 
	Propagation
	Additional 
	Channel bandwidth / SNR (dB)

	Number
	of TX antennas
	of RX antennas
	Prefix
	conditions and correlation matrix (Annex G)
	DM-RS configuration
	10 MHz
	20 MHz
	40 MHz
	100 MHz

	1
	1
	2
	Normal
	TDLC300-100 Low
	No additional DM-RS
	0.9
	0.6
	0.6
	0.9

	
	
	
	
	
	Additional DM-RS
	0.5
	0.3
	0.0
	0.1

	
	
	4
	Normal
	TDLC300-100 Low
	No additional DM-RS
	-3.1
	-3.4
	-3.2
	-3.5

	
	
	
	
	
	Additional DM-RS
	-3.7
	-4.1
	-4.0
	-4.2

	
	
	8
	Normal
	TDLC300-100 Low
	No additional DM-RS
	-6.6
	-6.7
	-6.8
	-6.8

	
	
	
	
	
	Additional DM-RS
	-7.5
	-7.6
	-7.6
	-7.7

	2
	1
	2
	Normal
	TDLC300-100 Low
	No additional DM-RS
	1.8
	2.0
	2.0
	1.5

	
	
	4
	Normal
	TDLC300-100 Low
	No additional DM-RS
	-2.9
	-3.0
	-2.4
	-3.0

	
	
	8
	Normal
	TDLC300-100 Low
	No additional DM-RS
	-6.4
	-6.0
	-6.4
	-6.2



8.2.3.6	Performance requirements for PUCCH format 4
8.2.3.6.1     General
The performance is measured by the required SNR at UCI block error probability not exceeding 1%.
The UCI block error probability is defined as the conditional probability of incorrectly decoding the UCI information when the UCI information is sent. The UCI information does not contain CSI part 2. 
The transient period as specified in TS 38.101-1 [3] clause 6.3.3.1 is not taken into account for performance requirement testing, where the RB hopping is symmetric to the centre, i.e. intra-slot frequency hopping is enabled.
Table 8.2.3.6.1-1: Test parameters
	Parameter
	Value

	Modulation order
	QPSK

	First PRB prior to frequency hopping
	0

	Number of PRBs
	1

	Intra-slot frequency hopping
	enabled

	First PRB after frequency hopping
	The largest PRB index – (Number of PRBs – 1)

	Group and sequence hopping
	neither

	Hopping ID
	0

	Number of symbols
	14

	The number of UCI information bits
	22

	First symbol
	0

	Length of the orthogonal cover code
	n2

	Index of the orthogonal cover code
	n0



8.2.3.6.2     Minimum requirement
The UCI block error probability shall not exceed 1% at the SNR given in Table 8.2.3.6.2-1 and Table 8.2.3.6.2-2.
Table 8.2.3.6.2-1: Required SNR for PUCCH format 4 with 15 kHz SCS
	Number of
	Number of
	Cyclic 
	Propagation
	Additional 
	Channel bandwidth / SNR (dB)

	TX antennas
	RX antennas
	Prefix
	conditions and correlation matrix (Annex G)
	DM-RS configuration
	5 MHz
	10 MHz
	20 MHz

	1
	2
	Normal
	TDLC300-100 Low
	No additional DM-RS
	1.8
	2.6
	2.2

	
	
	
	
	Additional DM-RS
	1.6
	2.4
	1.8

	
	4
	Normal
	TDLC300-100 Low
	No additional DM-RS
	-2.3
	-1.9
	-2.2

	
	
	
	
	Additional DM-RS
	-2.9
	-2.6
	-2.7

	
	8
	Normal
	TDLC300-100 Low
	No additional DM-RS
	-5.9
	-5.7
	-5.8

	
	
	
	
	Additional DM-RS
	-6.6
	-6.4
	-6.3



Table 8.2.3.6.2-2: Required SNR for PUCCH format 4 with 30 kHz SCS
	Number 
	Number 
	Cyclic 
	Propagation
	Additional 
	Channel bandwidth / SNR (dB)

	of TX antennas
	of RX antennas
	Prefix
	conditions and correlation matrix (Annex G)
	DM-RS configuration
	10 MHz
	20 MHz
	40 MHz
	100 MHz

	1
	2
	Normal
	TDLC300-100 Low
	No additional DM-RS
	3.1
	2.8
	3.1
	2.8

	
	
	
	
	Additional DM-RS
	2.8
	2.3
	3.1
	2.2

	
	4
	Normal
	TDLC300-100 Low
	No additional DM-RS
	-1.7
	-1.9
	-1.7
	-2.1

	
	
	
	
	Additional DM-RS
	-2.0
	-2.5
	-2.5
	-2.4

	
	8
	Normal
	TDLC300-100 Low
	No additional DM-RS
	-5.6
	-5.5
	-5.5
	-5.5

	
	
	
	
	Additional DM-RS
	-6.2
	-6.1
	-6.4
	-6.2


8.2.3.7	Performance requirements for multi-slot PUCCH	Comment by Thomas Chapman: No agreement on whether to include this or not; to be removed if decision is no.
8.2.3.7.1     General
8.2.3.7.2     Performance requirements for multi-slot PUCCH format 1
8.2.3.7.2.1    ACK to NACK requirements
8.2.3.7.2.1.1    General
The NACK to ACK detection probability is the probability that an ACK bit is falsely detected when an NACK bit was sent on the particular bit position, where the NACK to ACK detection probability is defined as follows:
	[image: ],
where:
-	[image: ]denotes the total number of NACK bits transmitted
-	[image: ]denotes the number of NACK bits decoded as ACK bits at the receiver, i.e. the number of received ACK bits
-	NACK bits in the definition do not contain the NACK bits which are mapped from DTX, i.e. NACK bits received when DTX is sent should not be considered.
Random codeword selection is assumed.
Table 8.2.3.7.2.1.1-1: Test Parameters for multi-slot PUCCH format 1
	Parameter
	Test

	Number of information bits
	2

	Number of PRBs
	1

	Number of symbols
	14

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	disabled

	Inter-slot frequency hopping 
	enabled

	First PRB after frequency hopping
	The largest PRB index 
– (nrofPRBs – 1)

	Group and sequence hopping
	neither

	Hopping ID
	0

	Initial cyclic shift
	0

	First symbol
	0

	Index of orthogonal cover code (timeDomainOCC)
	0

	Number of slots for PUCCH repetition
	2



8.2.3.7.2.1.2    Minimum requirements
The multi-slot NACK to ACK probability shall not exceed 0.1% at the SNR given in table 8.2.3.7.2.1.2-1.
Table 8.2.3.7.2.1.2-1: Minimum requirements for multi-slot PUCCH format 1 with 30kHz SCS
	Number of TX
	Number of RX
	Cyclic Prefix
	Propagation conditions and correlation matrix
	Channel bandwidth  / SNR (dB)

	antennas
	antennas
	
	(Annex G)
	40 MHz

	1
	2
	Normal
	TDLC-300-100 Low
	-6.3



8.2.3.7.2.2    ACK missed detection rerquirements
8.2.3.7.2.2.1    General
The ACK missed detection probability is the probability of not detecting an ACK when an ACK was sent. The test parameters in table 8.2.3.7.2.1.1-1 are configured.
8.2.3.7.2.2.2    Minimum requirements
The multi-slot ACK missed detection probability shall not exceed 1% at the SNR given in table 8.2.3.7.2.2.2-1.
Table 8.2.3.7.2.2.2-1: Minimum requirements for multi-slot PUCCH format 1 with 30kHz SCS
	Number of TX
	Number of RX
	Cyclic Prefix
	Propagation conditions and correlation matrix
	Channel bandwidth  / SNR (dB)

	antennas
	antennas
	
	(Annex G)
	40 MHz

	1
	2
	Normal
	TDLC-300-100 Low
	-7.6


8.2.4	Performance requirements for PRACH 
8.2.4.1	PRACH false alarm probability
8.2.4.1.1     General
The false alarm requirement is valid for any number of receive antennas, for any channel bandwidth.
The false alarm probability is the conditional total probability of erroneous detection of the preamble (i.e. erroneous detection from any detector) when input is only noise.
8.2.4.1.2     Minimum requirement
The false alarm probability shall be less than or equal to 0.1%.

8.2.4.2	PRACH detection requirements
8.2.4.2.1     General
The probability of detection is the conditional probability of correct detection of the preamble when the signal is present. There are several error cases – detecting different preamble than the one that was sent, not detecting a preamble at all or correct preamble detection but with the wrong timing estimation. A timing estimation error occurs if the estimation error of the timing of the strongest path is larger than the time error tolerance given in Table 8.2.4.2.1-1.
Table 8.2.4.2.1-1: Time error tolerance 
	PRACH
	PRACH SCS
	Time error tolerance


	preamble
	(kHz)
	

	0
	1.25
	2.55 us

	A1, A2, A3, B4,
	15
	2.03 us

	C0, C2	Comment by Thomas Chapman: TBC formats
	30
	1.77 us



The test preambles for normal mode are listed in table A.5-1 and the test parameter msg1-FrequencyStart is set to 0. 

8.2.4.2.2     Minimum requirements for normal mode
The probability of detection shall be equal to or exceed 99% for the SNR levels listed in Tables 8.2.4.2.2-1 to 8.2.4.2.2-3.
Table 8.2.4.2.2-1: PRACH missed detection requirements for Normal Mode, 1.25 kHz SCS
	Number of TX
	Number of RX
	Propagation conditions and 
	Frequency offset
	SNR (dB)

	antennas
	antennas
	correlation matrix (Annex G)
	
	Burst format 0

	1
	2
	TDLC300-100 Low
	400 Hz 
	-6.6

	
	4
	TDLC300-100 Low
	400 Hz 
	-11.9

	
	8
	TDLC300-100 Low
	400 Hz 
	-15.8



Table 8.2.4.2.2-2: PRACH missed detection requirements for Normal Mode, 15 kHz SCS
	Number of
	
	Propagation
	Frequency
	SNR (dB)

	TX antennas
	Number of RX antennas
	conditions and correlation matrix (Annex G)
	offset
	Burst format A1
	Burst format A2
	Burst format A3
	Burst format B4
	Burst format C0
	Burst format C2

	1
	2
	TDLC300-100 Low
	400 Hz
	-2.1
	-4.8
	-6.6
	-8.8
	0.8
	-4.9

	
	4
	TDLC300-100 Low
	400 Hz
	-7.3
	-10.3
	-11.7
	-13.8
	-4.3
	-10.2

	
	8
	TDLC300-100 Low
	400 Hz
	-11.0
	-13.9
	-15.2
	-17.3
	-8.1
	-13.9



Table 8.2.4.2.2-3: PRACH missed detection requirements for Normal Mode, 30 kHz SCS
	Number of
	
	Propagation
	Frequency
	SNR (dB)

	TX antennas
	Number of RX antennas
	conditions and correlation matrix (Annex G)
	offset
	Burst format A1
	Burst format A2
	Burst format A3
	Burst format B4
	Burst format C0
	Burst format C2

	1
	2
	TDLC300-100 Low
	400 Hz
	-2.8
	-5.7
	-7.4
	-9.9
	0.1
	-5.6

	
	4
	TDLC300-100 Low
	400 Hz
	-7.2
	-10.4
	-12.0
	-14.5
	-4.5
	-10.4

	
	8
	TDLC300-100 Low
	400 Hz
	-10.7
	-13.7
	-15.1
	-17.6
	-7.8
	-13.7




image1.wmf
(

)

bits)

NACK 

 

Total

(

#

bits

ACK 

 

as

 

decoded

 

bits

NACK 

#

 

bits)

ACK 

NACK 

 

Prob(PUCCH

=

®


image2.wmf
bits)

NACK 

 

Total

(

#


image3.wmf
(

)

bits

ACK 

 

as

 

decoded

 

bits

NACK 

#


